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Abstract: In the Triassic—Jurassic boundary profiles of the Upper Silesian region, there are locally developed
coarse clastic deposits, commonly known as the Potomia Gravels, Potomia Beds or “Potomia Formation™ (infor-
mal name). Due to the lack of reliable stratigraphic tools, the chronostratigraphic position of these deposits remains
one of the most controversial aspects of the Triassic—Jurassic lithostratigraphy in the region. Sparse biostratigraph-
ic data from the overlying and underlying deposits indicate a wide range of ages, from the Late Triassic to Early
Jurassic. This paper presents the results of sedimentological, petrographical and palynological analyses of the
coarse-grained deposits from the Kamienica Slaska gravel pit, which is currently one of the biggest facilities of
this type in Upper Silesia. The outcrop section, with a total thickness of up to 20 m, is dominated by friable, light
grey to beige and locally dark grey, large-scale planar to trough cross-stratified conglomerates and coarse-grained
sandstones with subordinate thin interbeds of grey and reddish brown mudstones. Three facies associations have
been distinguished, representing a main channel belt, secondary channels and floodplains subenvironments. Facies
analysis points to a braided river tract with localised floodplain sediments. The grain composition of the Kamienica
Slaska gravel/conglomerate is less diversified than that of the polymictic typical Potomia Beds of the Myszkéw
area and resembles oligomictic conglomerates known from the Grabowa Formation of the Norian age and/or con-
glomerates of the Gorzow Beds of Rhaetian age, which also occur on the studied region. Palynological analysis
of mudstone interbeds within the conglomeratic deposits shows the presence of miospores guiding and character-
istic for subzone c of the Corollina meyeriana zone of the late Norian—early Rhaetian age. The appearance of the
coarse-grained deposits in late Norian could be associated with the development of a long-reach braided fluvial
tract, draining the S and SE part of the Sudetian-Malopolska-Lublin land (S-M-L land) in response to the tectonic
rearrangement in the source area and gradual climatic change from semi-arid to humid in the Rhaetian.
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INTRODUCTION

doi: https://doi.org/10.14241/asgp.2022.11

When starting the palynological study of the mud-
stone intercalations from the Kamienica Slaska gravel
pit, the authors assumed that they were dealing with the
Potomia Beds or the informally called Potomia formation
(e.g., Unrug and Calikowski, 1960; Jakubowski, 1977,
Nita and Nita, 2014), which are typical gravel-dominat-
ed deposits known in the Krakow-Wielun area of south-
ern Poland (Fig. 1A). In the regional literature, the age of

the Potlomia formationranges fromthe Late Triassic (Norian,
e.g., Deczkowski, 1997) to Early Jurassic/Toarcian (e.g.,
Marcinkiewicz, 1960; Jakubowski, 1977; Kopik, 1998;
Fig. 2). The highly regionalised and patchy distribution
of the Potomia formation in southern Poland and its lack
of fossil fauna or flora in the known sections have long
hampered a precise stratigraphic correlation of this unit
across the region.


mailto:ndkedzio@cyf-kr.edu.pl

278

For many years, lithostratigraphy was thus used as the
only available method for regional correlation, with the
clast composition of the conglomerates as the main crite-
rion. The Potomia gravels are polymictic, with numerous
pebbles of polymictic conglomerates, siliceous hematite
and diverse limestone types (e.g., Unrug and Calikowski,
1960; Jakubowski, 1977), whereas these clast lithologies
are less frequent or absent in the older conglomerates (e.g.,
the Norian Grabowa Formation; see Jewula et al, 2019).
To resolve the problem of the stratigraphical position of the
conglomeratic deposits in the Kamienica Slaska gravel pit
(Fig. 1B), presumed to be a part of the Potomia formation
(Nita and Nita, 2014), the petrographic and palynological
analyses were applied — with preliminary results reported by
Fijatkowska-Mader and Paszkowski (2016).

The deposits were also analysed sedimentologically to re-
construct their sedimentary environment. The results were
then put into a broader palaeoenvironmental context in an
attempt to link the signal of allogenic controls, such as cli-
mate changes and distant tectonic processes, with the sed-
imentary evolution of the Late Triassic Germanic Basin in
its Polish part.

GEOLOGICAL SETTING

The Upper Triassic in southern Poland was deposited
in the southeastern part of the vast epicontinental Central
European Basin (CEB), also known as the Germanic Basin,
which occupied most of the central and partly Western
Europe. The semi-arid and arid climatic conditions in the
Late Triassic, controlled by the megamonsoonal circulation
system from the Tethys (Kutzbach, 1994; Reinhardt and
Ricken, 2000), resulted in deposition of predominantly fine-
grained deposits, with local evaporites in the central part of
the CEB (Deczkowski and Franczyk, 1988; Feist-Burkhardt
et al., 2008). Coarse-grained fluvial deposits, conglom-
erates and coarse-grained sandstones, are more common
in the marginal parts of the basin (Feist-Burkhardt et al.,
2008). Numerous small outcrops of these deposits, with the
Kamienica Slaska gravel pit as the largest, are scattered in the
NW Upper Silesia (mostly around Bledéw and Ponoszow;
Fig. 1A) and ascribed to different informal and formal litho-
stratigraphic units (Gorzéw Beds, Grabowa Formation or
Potomia formation). These deposits were variously labelled
as the Polomia Beds, Polomia gravels or Potomia Formation
(Unrug and Calikowski, 1960; Jakubowski, 1977).

To determine the age of the Potomia formation, paly-
nostratigraphical research was carried out in the 1950s and
1960s on the adjoining units of Gorzéw Beds, Blanowice
Beds and Sub-coal Beds (Fig. 2). However, the results
appeared inconclusive, indicating a range of ages (e.g.,
Rogalska, 1954, 1962; Marcinkiewicz, 1957, 1960, 1971;
Marcinkiewicz et al., 1960). Therefore, the criterion used
so far for distinguishing older conglomerates/gravels of
the Rhaetian Gorzéw Beds (sensu Jakubowski, 1977) and
Norian Grabowa Formation from the younger Potomia for-
mation remained the petrographic composition of gravel
clasts. The gravels of the Polomia formation are polymic-
tic, as opposed to the oligomictic, quartz- and quartz-
ite-dominated gravels in the Gorzow Beds and Grabowa
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Formation (e.g., Znosko, 1955; Unrug and Calikowski,
1960; Jakubowski, 1977; Szulc and Racki 2015; Szulc et al.,
2015a). Little consideration was given to the gravel varied
provenance and possible regional climate changes. Jewula
et al. (2019) suggested that the presence of conglomerates in
the Grabowa Formation in the Patoka 1 borehole (Fig. 1A)
may be related to a mid-Norian climatic pluvial phase.

Besides petrographic and palynological analysis, an es-
sential aspect of age research of the Kamienica Slaska grav-
elly deposits was to determine the stratigraphy of the un-
derlying beds, which are not exposed in the gravel pit itself.
Based on the data from adjacent boreholes Kamienica-1
(3BN; Fig. 1B; Kdppen, 1997) and Lubsza 2BN (data from
National Geological Archive), the package of conglomer-
ates and sandstones, which presumably can be correlated
with those outcropping in the Kamienica Slaska quarry,
is situated approximately 100—120 m above the top of the
Schilfsandstein interval, which can be regarded as an im-
portant correlation marker in the area. Moreover, in both
wellbores, short (< 5 m thick) intervals of Wozniki lime-
stone were described below the sandstones and conglom-
erates, which could narrow down the stratigraphic range of
the middle and upper Norian (the Patoka Member of the
Grabowa Formation; see Szulc et al., 2006, 2015a). In the
Czarny Las borehole (Fig. 1A), conglomerates and sand-
stones sit on evaporite-bearing claystones (Szulc, 2007),
which could indicate the presence of the Ozimek Member
of Grabowa Formation, correlatable with the wide-spread
Keuper facies of the Upper Gypsum Beds (Szulc, 2007;
Szulc and Racki, 2015; Szulc et al,, 2015a, b).

MATERIAL AND METHODS

The Kamienica outcrop is an active open-cast gravel pit
located 3.5 km northwest of the town of Wozniki. For most
of the outcrop section, the bulk thickness of the exposed de-
posits (~20 m) is dominated by friable, light grey to beige,
locally dark grey, large-scale cross-stratified conglomerates
and coarse-grained sandstones (Fig. 3, see details below).
The entire vertical section has been described in detail.
Sedimentological characterisation of the deposits included
a detailed description of sediment colour, texture (grain size
and sorting), sedimentary structures and presence of car-
bonates. The transport directions indicated by sedimentary
structures have also been noted. Special attention was giv-
en to fine-grained sediments within the otherwise coarse-
grained succession and to the composition of clasts in the
conglomeratic deposits.

Gravel compositional analysis was performed to quanti-
fy lithological groups of the 16—-56 mm clast-size fraction
(pebbles). A bulk gravel sample from the main channel fa-
cies association was sieved to separate gravel clasts from
the coarse-sand matrix. The individual clasts (484 pebbles)
were then classified into groups according to their lithology.

One palynological sample was taken from each mudstone
horizon (Fig. 3). The sample material was treated according
to the method described by Orlowska-Zwolinska (1983).
The rock samples, 30-50 g in weight, were first disintegrat-
ed mechanically and then treated with 10% HCI and 40%
HF in a cold state for 67 days. Afterwards, the samples
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Fig. 1. Location of the study area. A. Location of the village of Kamienica Slaska and other occurrences of the late Triassic—early
Jurassic coarse clastic deposits in outcrops and boreholes (after Jakubowski, 1977), with the Krakow-Lubliniec Fault after Szulc et al.
(2006). Background geological map from www.pgi.gov.pl. B. Location of the gravel pit and two adjacent boreholes (BN) in Kamienica
Slaska. Lithological descriptions of the borehole cores are available in Koppen (1997) and at the National Geological Archive website.
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Fig.2. Review of the Upper Triassic—-Lower Jurassic lithostratigraphy in the Upper Silesia region according to different authors. Note

the variable position of the Potomia lithostratigraphic unit (highlighted in yellow).

Fig.3. The gravel pit in Kamienica Slaska. A. Sedimentological composite log of the gravel-pit outcrop. B. Broad view of the pit
western wall with the three mudstone interbeds (M1-M3) and location of palynological samples (1-3). C. Enlarged part of figure B (see
the red frame therein). D. Close-up view of the mudstone bed M3. Note the upward change of mudstone colour, indicating post-deposi-
tional oxidation of the mud.
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(solid residues) were washed with water, treated at 70°C
for 2 hours with 10% HCI and poured into a heavy liquid
mixture of CdJ,+K1J, (specific weight 2.1 g/cm?). The result-
ing residue was then mounted in glycerine gel on thin-sec-
tion glasses. The palynological quantitative analysis was
based on the counting of all miospore specimens recognised
in the thin-section slide and normalising their counts to
100%. Microscopic analyses were performed using a Leitz
Laborlux microscope.

RESULTS

Sedimentary facies associations

The gravelly-sandy succession, up to 20 m in exposed
thickness, is underlain and overlain by mudstones. The low-
er mudstone, massive and greyish yellow-green (5GY 7/2)
in colour, has an erosional top (Fig. 4A). The upper mud-
stone has a sharp non-erosional base, is massive and shows
upward colour changes from pale yellowish-orange (10YR
8/6) to greyish yellow-green (5GY 7/2) and further to mod-
erate red (SR 5/4) and moderate brown (5YR 3/4). This
mudstone unit is intercalated with two planar-stratified
sandstone beds (Fig. 4B). The top of the lower sandstone
bed (80 cm thick) is erosionally scoured, and the scour niche
is filled with a massive mudstone. The mudstone is erosion-
ally overlain by the second sandstone bed (60 cm thick).

Three facies associations have been distinguished in the
succession profile. They are described below and interpre-
tively labelled as a main channel, secondary channel and
floodplain deposits.

Main channel facies association

This facies assemblage, about 3 m thick, consists of
conglomeratic beds 0.7 to 1.3 m in thickness (Fig. 4C, D).
The conglomerates are poorly sorted, matrix- to clast-sup-
ported and dominated by granule size fraction (Fig. 4E).
Granules commonly dominate up to 80% of the bed thick-
ness, passing upwards into coarse sand. Gravel clasts are
generally well rounded and lithologically dominated by
vein quartz. Subordinate lithologies include sandstone
(quartzite and glauconitic sandstone), conglomerate (with
jaspilite clasts up to 10 cm), carbonate rock (limestone
and potentially redeposited calcrete), weathered crystal-
line rocks and silicified plant fragments (Fig. 4F, G). Some
beds contain mudstone intraclasts, up to 20 cm in size, lith-
ologically similar to the underlying mudstone (Fig. 4H).
The conglomerate matrix is a poorly sorted coarse-grained
sand with a mineral composition compatible with that of
the gravel fraction.

Clast fabric in granule-dominate gravel is difficult to
recognize and seems chaotic, but pebbles locally show a
“rolling” imbrication. The conglomerate beds are subhori-
zontal and show tabular, planar tangential cross-stratifica-
tion, only locally trough cross-stratification. This kind of
depositional architecture indicates vertical stacking of 2D
and subordinate 3D gravelly dunes, which — in a terres-
trial setting — suggests the infill of a major braided-river
channel (Miall, 1978, 1996; Nemec, 1992; Bridge, 2003).
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The river channel at the study site was not deeper than
1.5 m. Measurements of cross-strata indicate local river
transport towards the NW.

Secondary channel facies association

This facies assemblage, about 10 m thick, compris-
es poorly sorted coarse-grained sandstones with scattered
gravel clasts up to 3 cm in size. The content of granule and
pebble fraction is similar as in the previous facies associa-
tion. Beds are 30 to 70 cm thick (Fig. 41, J), roughly tabu-
lar, with erosional lower boundaries commonly paved with
a gravel lag (Fig. 4J). The beds show large-scale planar tan-
gential and trough cross-stratification, with the latter more
common than in the previous facies association.

This depositional architecture indicates vertical stack-
ing of 3D and subordinate 2D gravelly sand dunes, which
suggests the infill of a braided-river channel (Miall, 1978,
1996). This channel at the study site was smaller, about 1 m
deep, and more sand-prone. It probably represented a sub-
sidiary branch of a laterally shifting, anabranching fluvial
system (sensu Nanson and Knighton, 1996). Visual esti-
mates suggest transport direction comparable to that of the
adjoining main channel.

Floodplain facies association

The sandy-gravelly succession contains three mudstone
interbeds, up to 2 m thick (labelled M1-M3 in Fig. 3).
The mudstones are either dark grey or light red, or are
yellowish where weathered. They are highly calcareous.
The contact between mudstone and the underlying con-
glomerate or sandstone is lithologically sharp, but non-ero-
sional. The mudstone upper boundary is erosional. Planar
parallel lamination, highlighted by subtle variation in grain
size, is common in the lower part of the mudstone beds.
The uppermost part of the mudstone bed M3 shows poorly
preserved, coalified plant-root traces, or rhizoids (Fig. 4K).

In the environmental context of a laterally shifting flu-
vial system, the mudstone units with their considerable
thickness are interpreted as overbank floodplain deposits
(Bridge, 2003). The floodplain areas were short-lived, oc-
cupying abandoned fluvial tracts (cf. Nemec, 1992), and
were at least partly vegetated — which bears some regional
climatic implications. Coalified plant roots (Fig. 3I) indicate
humid, water-soaked palaeosols, but insufficiently covered
with water to promote peat-forming conditions (Retallack,
2008).

Gravel clast composition

The gravel clast lithological composition is dominated by
vein quartz (50.4%), followed by metaquartzite (15.5%) and
quartz arenites (8.1%) (Tab. 1). Fragments of the Wozniki
Limestone (uppermost mid-Keuper) make up to 6% of the
analysed clasts. Dark flints, metacherts, quartz granule con-
glomerates and jaspilities constitute less than 5% of the
gravel clasts population. Minor clast components (with
less than ten pebbles found) include volcanic rocks, sil-
crete, lydites, greywackes, flints, silicified limestones with
Mississippian foraminifers, silicified carbonate with gyp-
sum pseudomorphs, silicified peat and silicified coquina.
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Fig. 4. Sedimentary features recognised in the gravel pit in Kamienica Slaska. A. Contact of the mudstone bed M1 (yellow arrow) with
the underlying conglomerate (red arrow). B. Intercalation of planar-stratified sandstone within the mudstone bed M3. C. Cross-stratified
conglomerates and sandstones of the main channel facies association. D. A corresponding line-drawing with the yellow lines represent-
ing stratification and the blue lines erosional cross-set bases. E. Cross-stratified conglomerates of the main channel facies association.
F. Close-up view of the channel-fill oligomictic conglomerate with well-rounded clasts of A — Wozniki Limestone, B — jaspilite (recycled
from Ediacaran oligomictic conglomerate?), C — vein quartz, D — metalydite, and E — quartz arenite. G. Close-up view of poorly sorted
conglomerate with rounded clasts of A — jaspilite, B — vein quartz, C — Upper Triassic? marl (broken), and D — laminated quartz arenite.
H. Close-up view of conglomerate with sub-rounded large mudstone intraclasts (arrow A). I. Broad outcrop view of the secondary chan-
nels facies associations. Note the dominance of poorly sorted coarse-grained sandstones with scattered pebbles. J. Close-up view of the
secondary channel facies associations. Note the channel lags (at the bottom and top) composed of granules and pebbles, and the vertically
stacked sets (dashed lines) of planar tangential cross-strata. K. In-situ carbonaceous plant rootlet in the upper part of the mudstone bed
M3. The hammer (scale) is 35 cm long.
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The deposits of the fluvial system indicate a lowland-type
anabranching braided river, rather than a basin-margin al-
luvial fan (cf. Nemec, 1992; Miall, 1996; Nanson and
Knighton, 1996), but the sediment grain-size range and
high mineralogical maturity may seem poorly compatible.
Gravel-bed rivers tend to form close to their source area,
whereas high sediment maturity may indicate a long-dis-
tance transport. In our interpretation, the fluvial drainage
system in the Kamienica Slaska area was located relatively
close to its sourcing terrain, but involved a recycling of old-
er mature gravelly sediments (see further discussion in the
text).

Palynological analysis

Relatively rich miospore assemblages were yielded by
samples 2 and 3, taken from the middle (M2) and upper (M3)
mudstone layers (Fig. 3A), respectively. They are dominat-
ed by circumpollen Classpollis (al. Corollina) meyeriana
(Klaus) de Jesrey (Figs 5SB-D, 7M—O; Tab. 2). Common
are also other pollens (Tab. 2). Spores make up 35% of the
studied assemblages and are dominated by Todisporites
(Fig. 7A, B) and Deltoidospora specimens (Fig. 5A; Tab. 2).
In sample 2, relatively abundant are degraded and/or re-
worked palynomorphs, including Palaeozoic chitino-
zoa (Fig. 6U), spores (Fig. 6M, N) and bisaccate pollen
(Fig. 6P-S), with spores making up 19% and pollen 6% of
the spectrum. The percentage of reworked spores decreases
to 5% and reworked pollen to below 1% in sample 3.

The assemblages are dominated by conifer pollen, re-
garded as xerophytic forms (Visscher and van der Zwan,
1980). The pollen assemblage represents subzone c of
the Corollina meyeriana palynological zone defined by
Orlowska-Zwolinska (1983, 1985) from the upper part of
the Zbaszynek Beds (latest Norian—early Rhaetian). It dif-
fers from spectra of the older subzone b of the Corollina
meyeriana palynozone (documented in the nearby Czarny
Las borehole; Figs 1, 8; Fijatkowska-Mader et al., 2015)
by the presence of Rhaetipollis germanicus species and
its stratigraphic range is considered to be the late Norian—
Rhaetian (Cirilli, 2010).

Based on the palynostratigraphic data, the sedimentary
succession in the Kamienica Slaska gravel pit would then
represent a late Norian—Rhaetian pluvial climatic episode
in the Upper Silesia region. In the regional stratigraphic
context, this pluvial episode was preceded by a mid-Norian
pluvial episode and subsequently followed by a Rhaetian
pluvial episode (Fig. 9), as discussed further below.

DISCUSSION

The literature controversy regarding the age of the tran-
sitional Triassic—Jurassic (sensu lato) coarse-grained sedi-
ments in the Upper Silesia has lasted for nearly a century
(Fig. 2). The determining of the stratigraphic position of
these deposits is crucial, as they may help to understand
the environmental response of Central European continen-
tal settings to global events in the latest Triassic and early
Jurassic. The Triassic—Jurassic transition witnessed numer-
ous global events, such as the initial phases of the opening
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Table 1

Gravel clast composition of the main channel
facies association in the Kamienica Slgska succession.

Lithology Nucnlqz:)s:; of %
Vein quartz 244 50.4
Metaquartzite 75 15.5
Quartz arenite 39 8.1
Wozniki limestone 29 6.0
Flint 22 4.5
Metachert 14 2.9
conglomerate 12 25
Jaspilite 11 2.3
Volcanic clast 6 1.2
Silcrete 6 1.2
Lydite 5 1.0
Greywacke 5 1.0
Flint with fossils 4 0.8
Silicified Mississipian fo-
rams limestone 3 0.6
Silicified mudstone 3 0.6
Spiculites with microfossils 2 0.4
Silicified carbonate with
gypsum pseudomorphs 2 04
Silicified peat 1 0.2
Si}iciﬁed coquina | 0.2
with orthocone ’
Total 484 100

of the Atlantic Ocean with emplacement of the Central
Atlantic Magmatic Province (CAMP; e.g., Whalen ef al.,
2015), reorganisation in the Tethys domain (e.g., Szulc,
2000), biotic turnovers and extinctions (e.g., Ruhl et al.,
2011), and intensification of the large monsoonal circulation
in the Pangea (Kutzbach and Gallimore, 1989; Kutzbach,
1994; Reinhardt and Ricken, 2000). All those events are
well recorded in marine environments, but their record in
the continental settings is considerably sparser and deserves
more attention in palaeoenvironmental studies.

Sedimentological analysis of the gravel-sand deposits in
Kamienica Slaska indicates a lowland fluvial drainage sys-
tem of laterally shifting braided channels. The depth of the
main, gravel-prone palaecochannel and its cross-stratified
infill facies imply a major river branch with subcritical dis-
charges in the upper range of the lower flow regime (Harms
et al., 1982). Occurrences of low-angle cross-stratification
may represent washed-out dunes and antidunes, which gen-
erally form at the transition from subcritical to supercritical
unidirectional flow (Ke¢dzior and Popa, 2018). The second-
ary, shallower palaecochannel suggests a subsidiary branch
of an anabranching river system, filled with sandy dunes
in the upper range of the lower flow regime (Harms et al.,
1982).
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Table 2

Miospore frequency in the assemblages collected from mudstone interbeds in the Kamienica Slaska success.

Dominated >20% Common 5-20%

Not numerous 1-5%

Rare <1%

Monosulcites minimus

(Figs 5H, 7T), Vallasporites
ignaci (Figs 4M, 6U), Enzona-
lasporites manifestus

(Fig. 6R), E. vigens (Fig. 4K),
E. cf. vigens (Fig. 6S),

E. sp. (Fig. 4L), Brachysaccus
neomundanus (Figs 40, 7C)

Calssopollis meyeriana
(Figs 5B-D, 5T, 7TM-0)

Triadispora polonica (Fig. TH),
T. sp. (Figs 4S, 71),
Labiisporites triassicus (Fig. 7)),
Riccisporites tuberculatus

(Fig. 79),

Ovalipollis luncensis (Fig. 7A),
O. ovalis (Figs 4N, 50, 7B),
Monosulcites minimus (Fig. 7T)

Protohaploxypinus sp. (Fig. 5P),
Patinasporites cf. densus (Fig. 6T),
Alisporites sp. (Figs 4R, 5R),

aff. Brachysaccus sp. (Fig. 7D),
Parillinites sp. (Fig. 7E),
Falcisporites sp. (Fig. 7F),
Cedripites sp. (Fig. 4P),

aff. Piceapollnites sp. (Fig. 7G),

pollen

Vallasporites ignaci (Fig. 6U),
Duplicisporites granulatus (Fig. 7L),
Rhaetipollis germanicus

(Figs SE, F, 7R),

Classopollis torosus

(Fig. 7P), Monosulcites punctatus
(Fig. 7U), M. sp. (Fig. 5I),
Ephedripites sp. (Fig. 5J),
Sphaeripollenites sp. (Fig. 5K),
polysaccate pollen (Fig. 4T, U)

Todisporites cinctus (Fig. 6A),
T. minor (Fig. 6B),
Deltoidospora cf. toralis

(Fig. 4A)

spores

Nevesisporites limatulus al.
Gordonispora fosulata

(Figs 4G, 6L, 4G), Lycopo-
diumsporites cf. reticulumspo-
rites (Fig. 6F), L. sp. (Fig. 6QG),
Lycopodiacidites sp. (Fig. 6H),
aff. L. sp. (4D), Densosporites
spp. (Fig. 6M, N), Carnisporites
cf. granulatus (Fig. 6K),

C. mesozoicus (Fig. 4B), C. spp.
(Figs 4C, 6K)

Verrucosisporites sp. (Fig. 6D),
Baculatisporites sp. (Fig. 4E),
aff. Conbaculatisporites sp.

(Fig. 6)), aff. Conbaculatisporites
sp. (Fig. 6]), Anapiculatisporites
telephorus (Fig. 4F),
Apiculatisporites sp. (Fig. 6C),
aff. Taurocusporites sp.

(Figs 4H, 6E), Heliosporites cf.
altmarkensis (Fig. 61), Polycingu-
latisporites sp. (Fig. 4]), Kraeuse-
lisporites cf. cooksonae (Fig. 41),
aff. K. sp. (Fig. 60),

aff. Densosporites sp. (Fig. 6N),
aff. Perotrilites sp. (Fig. 6P)

The intervening mudstone units, M1-M3, represent over-
bank floodplain ponds that were temporarily extending over
the abandoned branches of laterally shifting channels (cf.
Nemec, 1992; Miall, 1996). These ponds locally hosted veg-
etation and were becoming anoxic due to the accumulation
of organic matter, which aided the preservation of palyno-
logical material. Large mudstone intraclasts in channel-fill
deposits indicate incision of the shifting river channels.
The incision would temporarily lower the local groundwa-
ter level and cause post-depositional oxidation of the shal-
low muddy ponds or their margins; hence the yellowish to
reddish shades of the mudstone colour in certain horizons
(Fig. 3D). The lateral shifting of channels apparently caused
short-term groundwater table oscillations on a local scale.

Lack of in-situ volcanic rocks and/or tuffs in the studied
area hamper obtaining precise geochronology. Detrital zir-
con analyses were conducted on samples from the Lower
Keuper and Carnian Schilfsandstein sandstones in the
Koziegtowy borehole (Figs 1A, 8) by Koppen (1997) and
from the Norian in Lipie Slaskie (Lisowice; Figs 1A, 8) by
Kowal-Linka et al. (2019). In the latter paper, the age of
the youngest zircon found in a fluvial channel-fill sandstone

appeared to be no older than 211 (= 3) Ma (middle Norian).
No other geochronological age determinations are available
for the uppermost Triassic sediments in this area.

The correlation of the miospore assemblage from
Kamienica Slaska with the subzone ¢ of the Corollina
meyeriana zone would indicate a late Norian—early Rhaetian
age of the deposition. The precise determination of the age
of the subzone c remains difficult due to unresolved prob-
lems with the position of the Norian-Rhaetian boundary in
the Germanic Basin. For instance, Kiirscher and Herngreen
(2010) correlated the whole zone C. meyeriana with the
Norian zone Granuloperculatipollis rudis in their Figure 2,
but its subzone ¢ with the Rhaetian zone Rhaetipollis ger-
manicus in their text (p. 76). Szulc et al. (2015b, fig. 18),
in contrast, suggested a late Norian age for this subzone.
Based on the pollen evidence of R. germanicus Schulz,
Fijalkowska-Mader et al. (2015) have correlated subzone
¢ with the lower part of the Rhaetian R. germanicus zone
of Herngreen (Kiirscher and Herngreen, 2010). The young-
est zircon dating of the sandstones from the Lipie Slaskie
(Lisowice), correlated with the older subzone b of biozone
C. meyeriana (Fijatlkowska-Mader et al., 2015), gave the
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Fig. 5. Miospores from sample 2 (mudstone bed M2 in Fig. 3). The scale bar is 30 um. A. Deltoidospora cf. toralis (Leschik) Lund,
slide 1 (s1), J41/1. B. Carnisporites cf. mesozoicus (Klaus) Méadler, H49. C. Carnisporites sp., s1, W40/2. D. aff. Lycopodiacidites
sp., 82, O32/2. E. Baculatisporites sp., s1, V40/2. F. Anapiculatisporites telephorus Pautsch. G. Nevesisporites limatulus Playford al.
Gordonispora fossulata (Balme) Van der Eem, s2, T46/2. H. aff. Taurocusporites sp., s2, R48/4. 1. Kraeuselisporites cf. cooksonae (Klaus)
Dettmann, s1, V33/1. J. Polycingulatisporites sp., s1, R40. K. Enzonalasporites vigens Leschik, s2, M28/2. L. Enzonalasporites sp., sl,
S41/4. M. Vallasporites ignacii Leschik, s2, T43/1. N. Ovalipollis ovalis Krutzsch, s1, S32/3. O. Brachysaccus neomundanus (Leschik)
Médler, s2, V46/1. P. Cedripites sp., s1, J34,3. R. Alisporites sp., s1, R28/1. S. Triadispora sp., s1, R29/2. T, U. Polysaccate pollen grain;
respectively: s2, S40/1 and s1, U39/3.
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Fig. 6. Miospores from sample 2 (mudstone bed M2 in Fig. 3). The scale bar is 30 um. A. Polysaccate pollen grain, s1, U41/1.
B-D. Classopollis meyeriana (Klaus) de Jersey: B —s1, J31/2; C —s2; D (tetrad) — s2, L39. E, F. Rhaetipollis germanicus Schulz (tetrad):
E —s1,N36/2; F —sl, Q21,3. G. aff. Riccisporites sp. (tetrad), s2, K40,2. H. Monosulcites minimus Cookson, s2, G36/4. 1. Monosulcites
sp., s2, R44. J. Ephedripites sp., s2, V36/1. K. Sphaeripollenites sp. (not separated pollen), s1, W27/2. L. Alga?, s2, J47/2. Photos
M-U: stronger coalified and degraded and/or reworked? forms. M, N. Sporites indet.: M —s1, U34/2; N —s1, F34/3. O. Ovalipollis ova-
lis Krutzsch, s2, R46/1. P. Protohaploxypinus sp., s2, G46. R. Alisporites sp., s2, P36/3. S. Disaccites indet., s1, F45/4. T. Classopollis
meyeriana (Klaus) de Jersey, s1, E44/1. U. Chitinozoa indet., s1. S37/2.
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Fig. 7. Miospores from sample 3 (mudstone bed M3 in Fig. 3). The scale bar is 30 um. A. Todisporites cinctus (Maliavkina) Ortowska-
Zwolinska, s2, V31/2. B. Todisporites minor Couper , s2, L36/3. C. Apicuatisporites sp., s2, 035/2. D. Verrucosisporites sp., s2, N37/1.
E. aff. Taurocusporites sp., s2, T44/3. F. Lycopodiumsporites cf. reticulumsporites (Rouse) Dettmann, s2, E38. G. Lycopodiumsporites
sp., p2, J38/3. H. Lycopodiacidites sp., s1, K33. 1. Heliosporites cf. altmarkensis Schulz (tetrad), s2, L44/2. J. aff. Conbaculatisporites
sp., 82, H35. K. Carnisporites cf. granulatus Schulz, s1, K31/1. L. Nevesisporites limatulus Playford al. Gordonispora fossulata (Balme)
Van der Eem, s2, U30/1. M. Desnsosporites sp., s1, S39/1. N. aff. Densosporites sp., p2, G37/2. O. aff. Kraeuselisporites sp., s2, J46/3.
P. aff. Perotrilites sp., s2, M45/3. R. Enzonalasporites manifestus Leschik, s1, N33. S. Enzonalasporites cf. vigens Leschik, s2, J35/2.
T. Patinasporites cf. densus Leschik, s2, M39/4. U. Vallasporites ignacii Leschik, s2, H35.
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Fig. 8. Miospores from sample 3 (mudstone bed M3 in Fig. 3). The scale bar is 30 um. A. Ovalipollis lunzensis Klaus, s2, J31/1.
Ovalipollis ovalis Krutzsch, s2, G31/1. C. Brachysporites neomundanus (Leschik) Madler, s1, J36/2. D. aff. Brachysaccus sp., s1, S44/4.
E. Parillinites sp., s2, U30/3. F. Falcisporites sp., s2, S36/3. G. aff. Piceapollenites sp., s2, N33/3. H. Tridispora polonica Brugman,
s2, P42/A. 1. Triadispora sp., s2, N31/3. J. Labiisporites triassicus Orlowska-Zwolinska, sl, J36/2. K. Disaccites indet., s1, D35.
L. Duplicisporites granulatus Leschik, s2, V46/3. M—-0. Classopollis meyeriana (Klaus) de Jersey, with: M —s1, N27/2; N —s2, Q33/1;
O —s2, T44/3. P. Classopollis torosus (Reissinger) Couper, s2, J44/3. R. Rhaetipollis germanicus Schulz (tetrad), s2, J36. S. Riccisporites

tuberculatus Lundblad, s2, P35/2. T. Monosulcites minimus Cookson, s2, P36/2. U. Monosulcites punctatus Orlowska-Zwolinska,
s2, G36/4.
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age of 211 (+ 3) Ma as the most conservative estimation
(Kowal-Linka et al., 2019; Fig. 8). Therefore, the deposition
of the coarse-grained sediments of the Grabowa Formation
(e.g., in the Czarny Las borehole section, where the sub-
zone b of C. meyeriana zone was also recognised) could
have commenced in the mid-Norian and continued towards
the Rhaetian time. The age of the younger, polymictic con-
glomerates (classical Polomia Beds) remains an open ques-
tion, although there are some indirect premises indicating
a Rhaetian to earliest Jurassic age of deposition.

The difference in the gravel composition between the
Grabowa unit (into which the authors include the Kamienica
Slaska deposits) and the Potomia unit may indicate a change
and/or enlargement of the catchment areas or a deeper ero-
sional incision of fluvial network caused by the lowering
of the regional base level. In general, the composition of
gravelly deposits in the region rules out sediment derivation
from the north, for instance, from the Scandinavian shield
(Jewula ef al., 2019). As suggested earlier by Unrug and
Calikowski (1960), the most likely transport direction was
from the south or southeast, probably from the so-called
Cracow-Silesian Land of Deczkowski and Franczyk (1988;
see also Deczkowski, 1997) or Sudetian-Malopolska-Lublin
Land of Szulc (2000; Fig. 9). Our sedimentological obser-
vations from the Kamienica Slaska outcrop section are con-
sistent with these directions of fluvial transport.

The compositional maturity of the Grabowa conglomer-
ates (including the Kamienica Slaska deposits) may be ex-
plained by redeposition of older gravelly sediments, such
as the Lower Triassic (Buntsandstein) or Carboniferous
deposits occurring directly south of the Kamienica Slaska
area (Fig. 1A). Erosion of carbonate rocks is manifest-
ed by the presence of limestone fragments (from both the
local Wozniki Limestone and the older, Middle Triassic
Muschelkalk limestones) and the sediment calcareous ma-
trix. The reworked palynomorphs in the M2 and M3 mud-
stone units may also indicate redeposition of older fine-
grained sediments.

The classical Potomia Beds, in contrast, have a more
varied gravel composition, including fragments of silici-
fied limestone with Palaeozoic fauna and silicified peat.
Furthermore, the sediment matrix in the Polomia beds is
non-calcareous, with silicified carbonates only in the gravel
fraction. The polymictic grain composition may indicate the
opening of a new fluvial route, draining — in addition to the
Sudetian-Matopolska-Lublin Land — the areas located far-
ther to the southeast. The fluvial drainage system might then
extend backwards throughout the Lower San River Massif
and the eastern part of the Pre-Carpathian-Moesian Massif,
and possibly reach as far as the Dobrogea Coal Basins. The
source areas could also be the Vindelician-Bohemian Massif
(Konieczna et al., 2015) or the Brunovistulian unit (Kowal-
Linka et al., 2022) as for the older Norian deposits in the
Lipie Slgskie area (Fig. 9). The back-stepping extension of
the fluvial drainage and the preservation of the conglom-
eratic alluvia in the region were probably instigated by a
transtensional differential tectonic subsidence driven by the
Krakoéw-Lubliniec Fault (Figs 1A, 9; see Morawska, 1997;
Szulc et al., 2006, 2015a, b; Jewuta et al., 2019).

A. FITJALKOWSKA-MADER ET AL.

In addition to this likely tectonic control on sedimenta-
tion, the impact of regional climatic changes must also be
considered. Climate-induced regional changes in the style
of fluvial sedimentation have been recognised in both the
Upper Triassic (Keuper) deposits and the Lower Jurassic
(Liassic) deposits (e.g., Szulc, 2007; Gruszka and Zielinski,
2008; Bodzioch and Kowal-Linka, 2012; Pienkowski et al.,
2014; Jewuta et al.,2019; Kedzior et al., 2021). Sedimentary
characteristics of the Middle Keuper (Grabowa Formation)
in the Silesia region indicate a dominance of a semi-arid cli-
mate with strong seasonality (Szulc, 2000, 2005; Szulc et al.,
2006, 2015a, b; Jewula et al., 2019). The consensus is that
a gradual climate humidification commenced in the mid-
Norian and continued until the Jurassic (Feist-Burkhardt
et al., 2008). The relatively unweathered carbonate clasts
in the Grabowa conglomerates may indicate a less intense
chemical weathering than at the sedimentation time of the
younger classical Potomia Beds, where the abundant kao-
linised extra-basinal volcanic clasts indicate both an intense
substrata erosion and an aggressive chemical weathering
of immature siliciclastic debris in a highly seasonal semi-
arid climate (e.g., Szulc, 2007; Branski, 2014; Srodofi et
al., 2014; Jewuta et al., 2019). Such seasonal climatic con-
ditions, with a strong aridity component, at the deposition
time of the Grabowa conglomerates seem supported by the
dominance of xerophytic pollen (Classopollis, Triadispora,
Brachysaccus, Labiisporites) in miospore spectra, indicat-
ing a semi-arid environment (Fijatkowska-Mader et al.,
2021). The change of the fluvial pattern from the ephemer-
al anastomosing rivers of the Middle Keuper (Szulc, 2005;
Gruszka and Zielinski, 2008; Bodzioch and Kowal-Linka,
2012; Jewula et al., 2019; Kedzior et al., 2021) to the peren-
nial, anabranching braided rivers of the middle and the lat-
est Norian can be related to regional pluvial events (Fig. 9).
The most humid conditions and maximum backward exten-
sion of the fluvial drainage are likely recorded by the depo-
sition of the polymictic Potomia Beds.

This linking of the Upper Silesia coarse-grained alluvia of
the Triassic-Jurassic transition with regional climatic chang-
es (Fig. 9) is hypothetical, but the regional climate shift to-
wards more humid conditions seems evident. The climate
shift could be due to the gradual movement of Europe to-
wards mid-latitudes or to the development of greenhouse
conditions with an increased moist air delivery (see discus-
sion by Huynh and Poulsen, 2005).

CONCLUSIONS

Sedimentary facies analysis of the gravelly deposits in
the Kamienica Slaska open-pit mine indicates a perennial,
anabranching and laterally shifting braided-river system
with short-term intercalations of muddy floodplain ponds.
The mature gravel, dominated by vein quartz and quartz-
ite components, resembles that of the Norian Grabowa
Formation, but differs from gravels of the Potomia Beds,
which are distinctly polymictic. A backward extension and/
or deeper incision of the regional drainage system are in-
ferred on this basis.
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The palynological material from two mudstone interbeds
in the Kamienica Slaska outcrop section indicates subzone
¢ of the Corollina meyeriana palynozone, which implies
a late Norian to Rhaetian age of the deposits. The two inter-
beds differ in their content of redeposited/reworked palyno-
morphs, which seems to reflect the lateral shifting of fluvial
drainage system.

Based on the regional correlations of the Upper Triassic
coarse-grained deposits in the Upper Silesia area, three cli-
matic pluvial episodes are postulated for the mid-Norian,
Norian—Rhaetian and Rhaetian.

The gravel composition difference between the Grabowa
and Potomia units (with the appearance of kaolinised clasts)
indicates progressive climate change from sub-humid to hu-
mid conditions, which agrees with the regional notion of
a climatic humidification trend. The latest Norian experi-
enced drier climatic spells, as indicated by the dominance of
xerophytic palynomorphs in the mudstone interbeds in the
Kamienica Slaska section.
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